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Stem cell factor (SCF) of keratinocyte origin regulates melanocyte growth and survival. Deprivation of survival
factors causes the apoptosis of melanocytes. Vitiligo often develops following physical trauma, even if this is
minor. The exact mechanism of the Koebner phenomenon in vitiligo is unclear. Apoptosis of keratinocytes, which
occurs more in depigmented suction-blistered epidermis than in the normally pigmented counterpart, could reduce
levels of keratinocyte-derived factors such as SCF and basic ﬁbroblast growth factor (bFGF). Levels of SCF ex-
pression were examined in the depigmented and normally pigmented paired epidermis of 19 patients with vitiligo,
and bFGF expression in six patients. The expression of SCF (po0.001) and bFGF was usually reduced in the
depigmented compared with the normally pigmented epidermis. Apoptosis of cultured normal human keratin-
ocytes, which was induced by staurosporine, resulted in a concentration-dependent decrease in levels of SCF
mRNA and protein. Normal human melanocytes proliferated more in medium containing SCF or keratinocyte (XB-2)
feeder than in medium with neither. Deprivation of SCF or keratinocyte feeder in the culture medium induced a
marked decrease in melanocytes as a result of apoptosis. Therefore, lower expression of keratinocyte-derived
factors, including SCF, in vitiliginous keratinocytes, which could result from keratinocyte apoptosis, might be
responsible for passive melanocyte death and may explain the Koebner phenomenon.
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Vitiligo is a well-known disorder induced by the destruction
of melanocytes. The melanocytes involved in vitiligo may
have inherent aberrations that make them vulnerable to ex-
tracellular insult. The Koebner phenomenon generated by
minor trauma may represent an example of such vulnera-
bility. The exact mechanism of the Koebner phenomenon in
vitiligo, however, is unclear, although detachment from the
basement membrane and the transepidermal elimination of
melanocytes following minor mechanical trauma in normally
pigmented skin have been proposed (Gauthier et al, 2003).
The mechanism underlying the elimination of me-
lanocytes in vitiligo has been considered to be apoptosis
on the basis of histological and some laboratory data
(Huang et al, 2002). Apoptosis is triggered by Fas/tumor
necrosis factor receptors in activation-induced cell death or
by the loss of survival stimuli in passive cell death. Epider-
mal melanocytes form functional and structural units with
keratinocytes, and keratinocytes could be expected to exert
certain effects on melanocytes. Structural abnormalities in
the keratinocytes (Moellmann et al, 1982; Bhawan and
Bhutani, 1983) have been related to functional changes in
vitiligo patients (Maresca et al, 1997). Epidermal keratin-
ocytes produce several factors that support the growth and
melanization of neighboring melanocytes, such as basic
fibroblast growth factor (bFGF) (Halaban et al, 1988), the
high-molecular-weight fractions of keratinocyte-conditioned
medium (Gordon et al, 1989), and stem cell factor (SCF)
(Morita et al, 1994). Lower expression levels of SCF in les-
ional skin have been identified with immunohistochemistry
of biopsy specimens from patients with active non-seg-
mental vitiligo (Moretti et al, 2002). Apoptotic keratinocytes
may synthesize no SCF or less than non-apoptotic cells do,
with a consequent influence on neighboring melanocyte
survival in the lesions of vitiligo.
SCF is an essential factor for melanocyte survival. Me-
lanocytes do not produce SCF (Grabbe et al, 1996), but
express c-kit (Morita et al, 1994), a receptor for SCF (Ha-
chiya et al, 2001). SCF increases melanoblast numbers and
inhibits melanoblast differentiation when a clonal line of im-
mortal murine melanoblasts is established (Sviderskaya
et al, 1995). SCF has two forms: a membrane-bound and a
soluble form (Kunisada et al, 1998). The biological action of
the membrane-bound form (mSCF) in the melanocyte lin-
eage is different from that of the soluble form (sSCF). The
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soluble form is required for melanocyte precursor dispersal
on the lateral pathway or for their initial survival in the mi-
gration staging area, whereas the membrane-bound form
acts in the promotion of melanocyte precursor survival in
the dermis (Wehrle-Haller and Weston, 1995). Overproduc-
tion of the soluble form causes the proliferation of dermal
mast cells (Longley et al, 1993; Kunisada et al, 1998),
whereas keratinocyte expression of the membrane-bound
form results in the postnatal maintenance of epidermal me-
lanocytes in mice (Kunisada et al, 1998). The proportion of
each form of SCF is dependent on both the SCF mRNA,
which is either full-length or alternatively spliced and lacking
the coding region of exon 6, and on the activity of a pro-
tease that attacks a protease-sensitive site in exon 6 (Long-
ley et al, 1993). Exon 6 encodes the proteolytic cleavage
site (Flanagan et al, 1991). Normal human keratinocytes
express both forms of SCF mRNA (Welker et al, 1999). The
XB-2 cell line is an immortalized mouse keratinocyte line,
used to establish immortalized murine melanoblasts (Svi-
derskaya et al, 1995). It is unclear whether XB-2 cells pro-
duce proportions of SCF mRNA similar to those expressed
in human keratinocytes. We undertook to determine wheth-
er XB-2 can be substituted for human keratinocytes as a
source of mSCF, as well as sSCF, because the culture of
XB-2 cells is faster and easier compared with that of normal
human keratinocytes.
Apoptosis of cultured normal human keratinocytes has
been induced by UV radiation, H2O2, or staurosporine.
Staurosporine, an alkaloid isolated from Streptomyces cul-
tures, is a broad-spectrum protein kinase inhibitor. Staur-
osporine induces apoptosis in all nucleated mammalian cell
types (Jacobson et al, 1996), regardless of the state of dif-
ferentiation or the cell-cycle phase (Bertrand et al, 1994).
The apoptosis of keratinocytes, as well as melanocytes, is
regulated by the balance between anti-apoptotic and pro-
apoptotic proteins. These apoptotic regulators display dif-
ferential expression patterns. Normal human melanocytes
express high levels of anti-apoptotic proteins (Bcl-2, Bcl-XL)
and the pro-apoptotic protein (Bax) of the Bcl-2 family, with
emphasis on the Bcl-2/Bax ratio, although these proteins
are deficient in keratinocytes (Bowen et al, 2003). Expres-
sion of the Bcl-2 family is closely associated with the
activation of caspases. Bcl-2 overexpression can inhibit
caspase activation (Chinnaiyan et al, 1996), whereas Bax
overexpression can activate caspases (Xiang et al, 1996).
We observed significantly more terminal deoxynucleoti-
dyl transferase (TdT)-mediated dUTP-digoxigenin nick end-
labeling (TUNEL)-positive keratinocytes in depigmented
epidermis than in normally pigmented epidermis in vitiligo
patients, when the epidermis was collected from suction
blisters (Lee et al, 2004). The most TUNEL-positive cells in
the epidermis were keratinocytes, with no staining for c-kit
and/or 3,4-dihydroxyphenylalanine. The cells expressed
higher levels of pro-apoptotic and lower levels of anti-apo-
ptotic regulatory proteins with caspase activation, indicat-
ing apoptosis. No TUNEL-positive apoptotic keratiocytes
were detected in the epidermis obtained from skin biopsies,
which suggests that the keratinocytes in the depigmented
epidermis of vitiligo may be more vulnerable to trauma than
keratinocytes in normally pigmented epidermis, resulting in
their apoptosis. But, it is unclear whether the apoptosis of
keratinocytes resulted in the death of melanocytes, consti-
tuting the Koebner phenomenon. Here, we examined in vivo
and in vitro the relationship between keratinocyte apoptosis
and quantitative changes in keratinocyte-derived growth
factors for melanocytes, particularly SCF. Levels of SCF
expression were lower in the depigmented compared with
normally pigmented epidermis, suggesting an inverse cor-
relation with levels of apoptosis of keratinocytes. Lower
levels of SCF expression were detected in staurosporine-
induced apoptotic cultured normal human keratinocytes.
Deprivation of SCF from the melanocyte culture resulted in
the apoptosis of melanocytes, with a consequent decrease
in their numbers. These results suggest that melanocyte cell
death could result from the apoptosis of vitiliginous kera-
tinocytes, which may explain the depigmentation that oc-
curs after minor trauma, such as suction, in certain vitiligo
patients.
Results
TUNEL-positive cells in the depigmented versus nor-
mally pigmented epidermis The number of TUNEL-
positive cells was higher in the depigmented than in the
normally pigmented suction-blistered epidermis of two pa-
tients (Fig 1), as previously reported (Lee et al, 2004). These
cells were scattered in the viable epidermis, particularly in
the lower portions (Fig 1).
Levels of SCF and bFGF expression in the depigmented
versus normally pigmented epidermis Lower levels of
SCF protein (45 kDa) were detected in the depigmented
compared with the normally pigmented epidermis
(po0.001) (Fig 2A and B), although the SCF levels varied
between different specimens. Patterns of bFGF protein ex-
pression were similar to those of SCF. In case of lower level
of SCF in the depigmented compared with normally pig-
mented epidermis, the expression level of bFGF protein in
depigmented epidermis was lower than that in normally
pigmented epidermis (data not shown).
TUNEL assay and expression of apoptosis-related pro-
teins in cultured normal human keratinocytes treated
with different concentrations of staurosporine Keratin-
ocytes displayed TUNEL-positive cells after treatment with
100, 500, or 1000 nM staurosporine, and the number of
TUNEL-positive cells increased at stronger concentrations.
(Fig 3A). The levels of apoptosis regulatory proteins and
caspases changed regularly with increasing concentrations
of staurosporine. The expression of the anti-apoptotic pro-
tein, Bcl-2 (26 kDa), decreased with increasing concentra-
tions of staurosporine. Expression of the pro-apoptotic
protein, Bax (22 kDa), on the other hand, increased with
increasing concentrations of staurosporine. The active
forms of both caspase-8 (40/36 kDa) and -9 (37 kDa) in-
creased with increasing concentrations of staurosporine,
whereas the inactive forms of caspase-3 (32 kDa) and -8
(55/50 kDa) decreased (Fig 3B).
Expression of SCF mRNA and protein in cultured nor-
mal human keratinocytes treated with different con-
centrations of staurosporine Cultured normal human
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keratinocytes produced both full-length and alternatively
spliced SCF (f-SCF and a-SCF) mRNA. The levels of a-SCF
mRNA, which encodes only mSCF, were much lower than
those of f-SCF mRNA, which encodes both mSCF and
sSCF. Levels of both mRNA, however, decreased with in-
creasing concentrations of staurosporine in a concentra-
tion-dependent manner (Fig 4A). SCF protein expression
displayed changes similar to those observed for mRNA ex-
pression (Fig 4B).
Effects of XB-2 feeder cells or exogenous SCF on the
numbers of cultured normal human melanocytes The
number of normal human melanocytes increased with in-
creasing concentrations of SCF between 0 and 50 ng per
mL (Fig 5A). Melanocytes proliferated with increasing num-
bers of XB-2 feeder cells up to 5  104 cells per mL (Fig 5B).
The proliferation of melanocytes was more marked with a
combination of SCF (25 ng per mL) and XB-2 feeder cells
(5  104 cells per mL) compared with SCF or XB-2 feeder
individually (Fig 5C). Treatment with anti-SCF antibody, at
dilutions from 1:1000 to 1:100, of melanocytes grown on
XB-2 feeder cells resulted in a concentration-dependent
decrease in melanocytes (Fig 5D).
TUNEL-positive melanocytes with expression of apop-
tosis-related proteins after deprivation of SCF or XB-2
feeder cells from culture medium Numbers of TUNEL-
positive melanocytes increased in the following order: with-
out SCF (Fig 6A), without XB-2 cells, and with neither. The
levels of apoptosis regulatory proteins and caspases under
each set of culture conditions changed in a regular manner
that correlated with the proportion of TUNEL-positive cells.
The expression of the anti-apoptotic protein, Bcl-2 (26 kDa),
decreased in the following order: with both XB-2 and SCF,
with only XB-2 (without SCF), with only SCF (without XB-2),
with neither. The expression of the pro-apoptotic protein,
Bax (22 kDa), on the other hand, increased with the in-
creasing proportion of TUNEL-positive cells. The active
forms of caspase-3 (17 kDa), -8 (40 kDa), and -9 (37 kDa)
increased with the increase in the proportion of TUNEL-
positive cells, whereas inactive forms of caspase-3 (32 kDa)
and -8 (55 kDa) decreased (Fig 6B).
Discussion
Expression levels of SCF protein were significantly lower in
the depigmented epidermis than in the normally pigmented
epidermis (po0.001) (Fig 2A and B). These results may
agree with those from an immunohistochemistry-based
study that demonstrated significantly lower expression
of SCF in lesional skin compared with perilesional or
Figure 1
Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-dig-
oxigenin nick end-labeling (TUNEL) assay of depigmented and
normally pigmented epidermis. Green fluorescence staining indicates
a positive reaction. Nuclei were counterstained with Hoechst 33258
(Sigma). Increased TUNEL-positive staining is apparent in the de-
pigmented epidermis compared with the normally pigmented epider-
mis. Original magnification:  200.
Figure2
Expression of stem cell factor (SCF) in normally pigmented (N) and
depigmented (L) epidermis. (A) Western blots show a band for SCF
(45 kDa). Data are representative of the independently performed ex-
periments. b-actin was used as the internal standard. The levels of SCF
expression were lower in the depigmented than in the normally pig-
mented epidermis. (B) Densitometric values were normalized to b-actin.
The differences between the normalized densitometric values of the
depigmented and normally pigmented epidermis were analyzed with
the Wilcoxon signed ranks test. Expression levels were significantly
lower in the depigmented epidermis (po0.001).
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non-lesional skin in vitiligo (Moretti et al, 2002). But, the
immunohistochemistry study was performed on biopsy skin
samples, in which no TUNEL-positive apoptotic keratin-
ocytes were detected in our previous study (Lee et al,
2004). Levels of SCF expression may be related to the
proportion of TUNEL-positive cells. Although neither the
TUNEL assay nor SCF analysis were conducted on the
same patients except in two cases (Fig 1), the degrees of
difference in active caspase-3, -8, and/or -9 between the
depigmented and normally pigmented epidermis were re-
lated to the differences in SCF levels in five vitiligo patients.
Levels of active caspases were higher, whereas those of
SCF were lower, in the depigmented compared with the
normally pigmented epidermis of these patients (data not
shown). No dermal tissue was included in the epidermal
specimens obtained by suction, so the lower levels of
SCF protein may be attributed to the keratinocytes in the
depigmented epidermis. Like SCF, the expression of
bFGF protein showed a similar difference between the
depigmented and normally pigmented epidermis in six pa-
tients, three segmental, one localized, and two generalized
types (data not shown). The results of bFGF analysis sup-
ported that these factors were derived from keratinocytes.
Apoptosis was definitely induced in cultured normal hu-
man keratinocytes with staurosporine, although normal ker-
atinocytes were less sensitive to staurosporine (Bowen et al,
2003). The extent of apoptosis was dependent on the con-
centration of staurosporine, from 100 to 1000 ng per mL
(Fig 3A). Higher levels of Bax and lower levels of Bcl-2, with
more activation of caspase-8 and -9 and less inactivation of
caspase-3, correlated with higher concentrations of staur-
osporine (Fig 3B), suggesting that TUNEL-positive cells
were apoptotic cells. The expression of SCF mRNA, in ei-
ther the full-length or alternatively spliced form, and of SCF
protein decreased with increasing concentrations of staur-
osporine and with increasing proportions of apoptotic cells
(Fig 4A and B). SCF protein expression profiles were similar
to the profiles of mRNA expression. On the basis of these
results, apoptotic keratinocytes appear to cause a decrease
in SCF synthesis.
Normal human melanocytes, particularly adult cells, re-
quire special growth factors to proliferate. SCF could be
such a factor, as could bFGF and endothelin-1 (data not
shown). Normal human keratinocytes produced both f-SCF
and a-SCF mRNA, implying the expression of both mSCF
and sSCF proteins as other reports (Welker et al, 1999). SCF
mRNA was maintained as long as sufficient cells were alive,
which was more than 3 d in the melanocyte culture medium
(data not shown). On the basis of their SCF production,
Figure 3
Staurosporine-induced apoptosis of cultured normal human
keratinocytes. (A) Comparison of the proportion of terminal deoxy-
nucleotidyl transferase (TdT)-mediated dUTP-digoxigenin nick end-
labeling (TUNEL)-positive cells with viable cells in keratinocytes treated
with different concentrations of staurosporine, from 0 to 1000 nM.
TUNEL-positive cells were analyzed quantitatively by photographing
four random fields and counting the stained and total cells. TUNEL-
stained cells increased in number in a concentration-dependent man-
ner. (B) The expression of the anti-apoptotic protein, Bcl-2 (26 kDa),
decreased with increasing concentrations of staurosporine, whereas
the expression of the pro-apoptotic protein, Bax (22 kDa), increased.
The active forms of both caspase-8 (40/36 kDa) and -9 (37 kDa) in-
creased, whereas the inactive form of caspase-3 (32 kDa) and -8 (55/50
kDa) decreased with increasing concentrations of staurosporine.
Figure4
Expression of stem cell factor (SCF) mRNA and protein in apo-
ptotic keratinocytes. (A) Cultured normal human keratinocytes pro-
duced both full-length (f-SCF) and alternatively spliced SCF (a-SCF)
mRNA. The relative expression of a-SCF mRNA was much lower than
that of f-SCF mRNA. But, the levels of both mRNA decreased with
staurosporine in a concentration-dependent manner. (B) The levels of
SCF protein showed changes similar to those of mRNA.
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normal human keratinocytes were used as a feeder for nor-
mal human melanocyte cultures. The number of cultured
normal human melanocytes increased in the presence of
human keratinocytes. At a ratio of melanocytes to keratin-
ocytes (5  104 cells per mL) of two or more, the increase in
melanocyte numbers was proportional to the number of
keratinocytes (data not shown). The most appropriate ratio
between the two types of cells, however, remains to be
clarified. The mouse keratinocytes, XB-2, expressed both
the same f-SCF and a-SCF as human keratinocytes, as ex-
pected, as long as sufficient cells were alive, which was
approximately 3 d in the melanocyte culture (data not
shown). In terms of SCF, XB-2 cells could be substituted for
normal human keratinocytes in human melanocyte cultures,
just as mouse fibroblast 3T3 cells can be used in human
keratinocyte cultures. The XB-2 cells provided both mSCF
and sSCF proteins, whereas exogenous SCF contributes
only sSCF to the culture medium. The expression of SCF
mRNA from MMC-treated XB-2 cells decreased with time,
and the effects of SCF from XB-2 cells could not help ex-
amine in 3 d. Besides mSCF, the effects of exogenous SCF
were not negligible during the short period of observation
(Fig 5A and C), although the effects varied with passage,
with the line of melanocytes, and with the concentration of
FBS in the medium. The effects of exogenous SCF were
confirmed by experiments in which anti-SCF antibody was
added (Fig 5D).
Because XB-2 cells or exogenous SCF cause the pro-
liferation of normal human melanocytes, it was anticipated
that their removal from melanocytes that were cultured in
both would cause a reduction in cell number. The mecha-
nism of this reduction was melanocyte apoptosis. Without
SCF (Fig 6A) or XB-2 cells, TUNEL-positive melanocytes
increased markedly. The decrease in melanocyte numbers
was proportional to the extent of melanocyte apoptosis.
The Bcl-2 family proteins are expressed in melanocytes.
Levels of Bax, a pro-apoptotic regulatory protein, increased
in the different media in the following order: with both SCF
and XB-2, with no SCF, with no XB-2, and with neither SCF
nor XB-2, whereas Bcl-2 decreased in exactly the same
order (Fig 6B). Caspases-3, -8, and -9 were activated. Acti-
vation increased with the extent of apoptosis. The lowest
level of caspase activation was apparent in cultures with both
SCF and XB-2, and highest in cultures with neither (Fig 6B).
In these in vitro studies, apoptotic keratinocytes pro-
duced fewer SCF mRNA and SCF proteins than did normal
keratinocytes. SCF plays an important role in melanocyte
survival and proliferation. The removal of SCF caused the
apoptosis of melanocytes. These results could be applied
to in vivo findings. It can be inferred from the extrapolation
of these in vitro results that the lower levels of SCF protein
expressed in the depigmented suction-blistered epidermis
compared with its normally pigmented counterpart could al-
so result from keratinocyte apoptosis. Furthermore, keratin-
ocyte apoptosis induced a decrease in the synthesis of other
melanocyte growth factors such as bFGF, and deprivation of
these melanocyte survival factors resulted in the apoptosis
of melanocytes. It is unclear, however, whether the decrease
in SCF occurs in the depigmented epidermis without minor
trauma, such as suction. Insofar as TUNEL-positive apopto-
tic keratinocytes are readily observable in suction-blistered
epidermis but not in biopsied skin, the decrease in SCF may
explain the Koebner phenomenon in vitiligo.
Subjects and Methods
Patients Nineteen patients diagnosed with vitiligo, eight men
and 11 women, aged between 15 and 46 y (mean age 25 y), were
Figure 5
Effects of XB-2 feeder cells or
exogenous stem cell factor (SCF)
on the growth of cultured normal
human melanocytes. (A) Cell
number increased with increasing
concentrations of SCF between 0
and 50 ng per mL. (B) Melanocytes
proliferated with the number of
XB-2 feeder cells, up to 5  104
cells per mL. (C) The proliferation
of melanocytes was more marked
with a combination of SCF (25 ng
per mL) and XB-2 feeder cells (5 
104 cells per mL) compared with
SCF or XB-2 feeder cells alone. (D)
Treatment of melanocytes grown
on the XB-2 feeder cells with anti-
SCF antibody, at dilutions from
1:1000 to 1:100, resulted in a con-
centration-dependent decrease of
melanocytes.
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included. Nine had segmental vitiligo, three localized, and seven
the generalized type. No patients had received treatment in the
previous 2 mo. Most patients had a stable lesion, but one patient
with the generalized type displayed multiple new lesions. After
obtaining informed written consents, a negative pressure, between
200 and 250 mmHg, was applied to normally pigmented and de-
pigmented skin of each vitiligo patients for 2–3 h to induce a suc-
tion blister. Syringes of 3, 5, 10, and 20 mL were cut and used as
suction cups. The roofs of the suction blister from the normally
pigmented and depigmented epidermides were taken for direct
comparisons. The location of depigmented lesions varied, with
three of the segmental, one of the localized, and three of the gen-
eralized types occurring in the sun-exposed area. Control skin was
taken from the lower abdomen. The roofs of the suction blister
from two patients (one of the segmental and one of the general-
ized) were used for TUNEL assay and all those suction blisters
were used for western blotting. This study was conducted ac-
cording to the Declaration of Helsinki Principles. The medical eth-
ical committee of the University of Eulji approved all described
studies.
Normal human epidermal keratinocyte culture Skin specimens
obtained from repeated cesarean sections and circumcisions were
used for cultures. Epidermis was separated from dermis after
treatment with 2.4 U per mL of dispase (#295 825; Roche, Man-
nheim, Germany) for 1 h. The epidermal sheets were treated with
0.05% trypsin for 10 min to produce a suspension of individual
epidermal cells. The cells were suspended in KGM media (#CC-
3101; BioWhittaker, Walkersville, Maryland) supplemented with
bovine pituitary extract, human epidermal growth factor, insulin,
and hydrocortisone (#CC-4131; BioWhittaker) after centrifugation.
Whenever the cells reached confluence, they were detached from
the flask and seeded into other culture flasks.
Induction of keratinocyte apoptosis with staurosporine Cells
from passage numbers two or three were used for the experi-
ments. The keratinocytes were treated with 100, 500, or 1000 nM
concentrations of staurosporine (S-4400; Sigma, St Louis, Mis-
souri) for 24 h to induce apoptosis. Then, the TUNEL assay was
performed or total RNA and protein extracted from the cells. Five
cell lines were examined.
Culture of XB-2 cell line XB-2 cells were purchased from ATCC
(CL-177; Manassas, Virginia). They require a 3T3 feeder at the
outset of culture, after which they can be grown without a feeder.
The conditioned medium obtained from 3T3 cultures can substitute
for a 3T3 feeder.
Normal human melanocyte culture Skin specimens obtained
from repeated cesarean sections and circumcisions were used for
cultures. Epidermis was separated from dermis by treatment with
2.4 U per mL of dispase for 1 h. The epidermal sheets were treated
with 0.05% trypsin for 10 min to make suspensions of individual
epidermal cells. The cells were suspended in MCDB 153 medium
(M-7403; Sigma) supplemented with vitamin E (T-1539; Sigma), 12-
O-tetradecanoylphorbol 13-acetate (TPA, P-8139; Sigma), bovine
pituitary extract (#13028-014; Gibco, Carlsbad, California), insulin,
transferrin, selenium (ITS, #51500-056; Gibco), and bFGF (#13256-
029; Invitrogen, Carlsbad, California) after centrifugation. SCF
(#255-SC; R&D, Minneapolis, Minnesota) was added to the medi-
um after the cells had attached to the bottoms of the culture flasks.
Whenever the cells reached confluence, they were detached from
the flask and seeded into new culture dishes. Before detaching the
melanocytes, XB-2 cells were prepared as follows. XB-2 cells were
grown without 3T3 feeder cells, with 10 mg of mitomycin C (MMC,
M0503; Sigma) for 4 h, and were then trypsinized to produce sus-
pensions of individual cells. The cells were seeded into new culture
flasks at a density of 5  104 cells per mL. Passage numbers three
to 10 were used for the experiments. Four sets of culture medium
were prepared for each cell line: the medium described above
with either SCF or XB-2 feeder cells, with only XB-2 feeder cells,
with only SCF, or with neither SCF nor XB-2 feeder cells.
RT-PCR Total RNA from the cultured keratinocytes and XB-2 cells
treated with or without staurosporine were isolated by gentle
homogenization using Trizol (15596-026; Invitrogen, Carlsbad,
California). cDNA was synthesized with RNA using the First Strand
cDNA Synthesis Kit for RT-PCR (AMV) (1483 188; Boehringer,
Mannheim, Germany). Upon request, the Bioneer Company (Seoul,
Korea) synthesized two sets of PCR primers for SCF (Welker et al,
1999). Human glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as the internal standard. The primers for SCF
Figure 6
(A) Effects of the removal of stem cell factor (SCF) on the apoptosis
of cultured normal human melanocytes. Comparison of the number
of terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-dig-
oxigenin nick end-labeling (TUNEL)-positive melanocytes in medium
with or without SCF. TUNEL-positive cells were analyzed quantitatively
by counting the stained and total cells. Apoptotic cells increased with
SCF deprivation. (B) Effects of deprivation of XB-2 feeder cells or ex-
ogenous SCF on the apoptosis of cultured normal human melanocytes.
Western blot data are representative of the independently performed
experiments. b-actin was used as the internal standard. The levels of
the active forms of caspase-3 (17 kDa), -8 (40 kDa), and -9 (37 kDa)
increased, whereas those of the inactive caspase-3 (32 kDa) and -8 (55
kDa) decreased in the following order: with XB-2 and SCF, with only XB-
2, with only SCF, and with neither XB-2 nor SCF. The levels of Bax (22
kDa) increased in a manner similar to those of the active caspases,
whereas the levels of Bcl-2 (26 kDa) decreased correspondingly.
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were designed to span the alternatively spliced sixth exon. The
primer sequences and the sizes of amplified products were as
follows: GAPDH sense primer 50-ACCACAGTCCATGCCATCAC-30
and anti-sense primer 50-TCCACCACCCTGTTGCTGTA-30, which
generated a 452-bp fragment; and SCF sense primer 50-
TGGATAAGCGAGATGGTAGT-30 and anti-sense primer 50-AGCCA-
CAATTTACACTTCTT-30, which generated a 627-bp fragment for
sSCF and a 544-bp fragment for mSCF (Kassel et al, 1999). PCR
amplification was conducted in a 40 mL reaction, consisting of
 10 reaction buffer, 2.5 mM MgCl2, 250 mM dNTP, 100 ng each
PCR primer, 0.5 U Taq DNA polymerase, and 20–50 ng DNA, using
a DNA Thermal Cycler 9600 (Perkin Elmer). The programs for PCR
amplification with each primer set were as follows: 25 cycles at
941C for 1 min, 591C for 1 min, and 721C for 1 min for GAPDH; 30
cycles at 941C for 1 min 30 s, 591C for 1 min 30 s, and 721C for
1 min 30 s for SCF. The DNA fragments produced by PCR were
separated by electrophoresis on 2% agarose gel. The bands were
photographed using a Polaroid film, Applied Biosystems, Foster
City, California (Polaroid, Cambridge, Massachusetts) under ultra-
violet light after ethidium bromide staining and were analyzed by
densitometry (Pharmacia Biotech, Uppsala, Sweden). The relative
amounts of mRNA were determined by calculating the ratio of each
SCF form relative to the amount of GAPDH.
Western blot analysis for SCF, bFGF, bcl-2, bax, and ca-
spases Depigmented and normally pigmented epidermides were
frozen by dipping them into liquid nitrogen. The frozen tissues were
ground to make a powder. The epidermal specimens and the
cultured cells were homogenized in ice-cold homogenization
buffer containing 50 mM Tris-base (pH 7.4), 150 mM NaCl, 10 mM
EDTA, 0.1% Tween-20, and protease inhibitors (0.1 mM phenyl-
methylsulfonylfluoride, 5 mg per mL aprotinin, and 5 mg per mL
leupeptin). The homogenates were centrifuged at 12,000  g for
30 min at 41C, and the supernatants were collected. The protein
concentration in the supernatant was determined using a DC pro-
tein assay kit (Bio-Rad Laboratories, Hercules, California). Equal
amounts of proteins (20 mg) were resolved using 7% SDS-PAGE
and transferred to nitrocellulose membranes. The membranes
were incubated in a blocking solution of 5% non-fat dry milk in Tris-
buffered saline (TTBS) containing 10 mM Tris (pH 7.6), 150 mM
NaCl, and 0.1% Tween-20 for 1 h at room temperature. The mem-
branes were incubated with anti-human SCF (mouse monoclonal,
Santa Cruz Biotechnology, Santa Cruz, California), anti-human
bFGF (mouse monoclonal, BD Bioscience, San Diego, California),
Bcl-2 (mouse monoclonal; NeoMarkers, Fremont, California), Bax
(rabbit polyclonal; Pharmingen, San Diego, California), and ca-
spase 3 (rabbit polyclonal; Pharmingen), active form of caspase 3
(rabbit polyclonal; Cell Signaling Technology, Beverly, Massachu-
setts), active form of caspase 8 (mouse monoclonal; Pharmingen),
and active form of caspase 9 (mouse monoclonal; Pharmingen)
antibodies, diluted 1:1000 in the blocking solution, overnight at
41C. Following incubation, the membranes were washed in TTBS
and further incubated with an anti-rabbit or anti-mouse horseradish
peroxidase-conjugated antibody (Jackson laboratories, West
Grove, Pennsylvania) at a 1:1000 dilution in the blocking solution
for 1 h at room temperature. After the membranes were washed in
TTBS for 30 min, they were treated with an enhanced chemilumi-
nescence solution (ECL kit; Amersham Life Science, Buckingham-
shire, England) for 1 min and exposed to an X-ray film (Hyperfilm,
Amersham Life Science). To monitor the amount of protein loaded
into each lane, the membranes were reprobed with an antibody
against b-actin. After stripping the membranes with a stripping
buffer (0.1 M glycine, pH 2.5), they were incubated with a 1:5000
dilution of mouse monoclonal anti-actin antibody (Sigma) in the
blocking solution at room temperature for 1 h. Subsequently, the
membranes were incubated with a secondary antibody and proc-
essed as described above. The films were developed immediately
and the protein bands were analyzed densitometrically.
TUNEL assay The apoptotic cells in paired epidermal specimens
and cultured cells were evaluated using a TUNEL kit (In situ cell
death detection kit, Roche). Epidermal specimens, fixed in 4%
paraformaldehyde, were dehydrated and embedded in paraffin
wax: 5 mm sections were cut, deparaffinized with xylene, and re-
hydrated through a series of alcohol solutions. The sections were
washed with PBS and pretreated with a citric acid solution (100
mM citrate, pH 6.0) for 5 min in a microwave oven. They were
washed again with PBS and incubated in the TUNEL reaction
mixture included in the kit for 1h at 371C. After washing with dis-
tilled water, the nuclei were counterstained with Hoechst 33258
(Sigma), and then observed under a fluorescence microscope. For
a quantitative analysis of apoptosis, four random fields were pho-
tographed from both the depigmented and normally pigmented
epidermis slides, and apoptotic and total cells were counted. The
numbers of apoptotic cells were expressed as percentages of the
total cell population. The keratinocytes and melanocytes were cul-
tured in LabTek (#177399, Nunc, Naperville, Illinois). The cells were
fixed in 4% paraformaldehyde and processed using the same
procedures except the paraffin embedding and the pretreatment.
MTT assay The proliferation of melanocytes was examined using
an MTT assay kit (#4890-25-01; R&D). The MTT assay was con-
ducted with different numbers of XB-2 feeder cells and different
concentrations of SCF. The assay was also performed with a com-
bination of SCF (25 ng per mL) and XB-2 feeder cells (5  104 cells
per mL). The role of SCF in XB-2 cells was examined by treatment
of the melanocytes grown on the XB-2 feeder cells with 1:1000,
1:500, and 1:100 dilutions of anti-SCF antibody (mouse mono-
clonal, Santa Cruz Biotechnology). Five cell lines were examined.
Statistical analysis The Wilcoxon signed ranks test with corre-
lated samples was used to compare differences between the de-
pigmented and the normally pigmented samples. A p value less
than 0.05 was considered statistically significant. All results are
presented as the mean  SD of the combined data from the
replicate experiments.
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